
492 NOTES

The Survival of Smallpox Virus (Variola Minor) in Natural Circumstances

by H. L. WOLFF and J. J. A. B. CROON, Laboratory of Tropical Hygiene, State University ofLeiden, Netherlands

The introduction of smallpox virus into com-
munities normally free from the disease can in most
cases be traced to the arrival of persons from regions
that are still subject to smallpox outbreaks. Failure
occasionally to discover the means of introduction
of infection has led to considerable speculation.
Cotton was suspected in England of being a vehicle
for the transport of the disease to Lanc4shire from
abroad in outbreaks between 1908 and 1952.4 Mac-
Callum & McDonaldb studied the survival of small-
pox virus in scabs under various circumstances. They
came to the conclusion " that a few particles of virus
may survive for as long as 18 months ", and stated
that the " virus can survive for many years, ten or
more, at from 4°C to 5°C in closed tubes or bottles,
with little decrease in titre ". Such conditions, how-
ever, will normally not be encountered.
The problem of survival of smallpox virus under

natural circumstances is of the utmost importance
at the present time. A WHO-sponsored world-wide
programme of smallpox eradication is under way,
and the question arises whether there is a need to be
greatly concerned about the possibility of human
infection originating from old scabs or other virus
residues present in a country. This problem is more
complex than that involved in the mere demonstra-
tion of some viable virus particles; such particles
must be virulent and must be present in numbers
large enough to cause infection.

In early March 1954, during a variola minor epi-
demic c, d we collected a large number of scabs from
3 patients. All scabs from each patient were placed
in a separate, unsealed envelope, and all these enve-
lopes were in turn placed in a single large envelope,
also unsealed. We used these scabs to compare dif-
ferent techniques of virus isolation and diagnosis,
but as this investigation did not yield any new or
important results the work was abandoned, and the
large envelope containing scabs was stored in a cup-
board in the laboratory. Some years later we inves-
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tigated the viability of the smallpox virus in those
scabs. We found that we were able to isolate variola
minor virus, and since that time we have tried to
isolate the virus from these scabs nearly every year.

Materials and methods

In winter, the temperature of the laboratory in
which the cupboard containing the envelope with
scabs was situated was kept above 20°C in the day-
time, but might drop as low as 15°C at night; during
week-ends the temperatures were slightly lower. In
summer, temperatures as high as 30°C were noted
on some occasions, but, again, the night temperature
would be 1 5°C or sometimes even lower. The relative
humidity in the laboratory varied from 35% to 98%.
As an egg-incubator was situated in the laboratory,
air saturated with water vapour at a temperature of
39°C was blown into the room. This egg-incubator,
however, was used at irregular intervals.

Six scabs (2 from each envelope) were put into a
mortar and ground together with 10 ml of bacterio-
logical broth containing 10 IU penicillin G and
0.25 mg dihydrostreptomycin per ml. (Dry scabs were
not ground as this was found to cause a fine dust that
could be smelled outside the inoculation cabinet.
Indeed, merely opening the envelopes to take out the
scabs (inside the cabinet) gave rise to a typical dusty
smell in the laboratory.)
The scab-broth mixture was centrifuged for 20

minutes at 3000 rev/min in an angle centrifuge. The
supernatant was then diluted in a tenfold series.
Aliquots of 0.1 ml of each dilution were then inocu-
lated into the chorioallantoic membrane of each of
5 eggs. 0.1 ml of the most concentrated fluid con-
tained the material of about 1/20th of a scab; dilution
2 contained material from 1/200th of a scab; dilu-
tion 3 material from 1/2000th of a scab, and so on.
The eggs were incubated at 39.4°C for 8 days before
the chorioallantoic membrane was dropped and in-
oculated. They were then reincubated for another
72 hours at a temperature of 350C.e, f
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Results

The results of our titrations over the years may be
summarized as follows (these figures are calculated
by the method of Reed & Muench g from the real
values h):

No. of viable particles
Year Interval per scab

1954 0 Scabs obtained
(no titration
available)

1956 2 years 56000
1957 3 years 52 000
1958 4 years 24 000
1959 5 years 32 000
1960 6years 12 000
1961 7 years 3 600
1962 8 years 1 250
1963 9 years 1 500
1964 10 years 1 700
1964 nearly 11 years 80
1967 13 years 490
1967* 13 years 2 900*

* Slightly different procedure.

In 1956, about 21/2 years after the scabs had been
collected, 56 000 viable particles per scab were de-
monstrated. Four years later (1960) 1/5th of this
amount could be isolated; a further 4 four years later
the amount was 1/7th of that in 1960 and 1/33rd of
that in 1956.

In 1967, 490 particles per scab could still be de-
monstrated, and the investigation was repeated using
a slightly different procedure: 10-day-old eggs in-
stead of 8-day-old eggs were inoculated. This yielded
2900 viable particles per scab. The differences in the
number of particles demonstrated in the experiments
may be due in part to the variation in quantity of
virus present in the scabs.
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In all experiments the virus could be subinoculated
on to other chorioallantoic membranes, giving rise
to typical smallpox lesions confirmed by the histo-
logical and serological examinations. The temper-
ature-sensitivity and the late deaths of the embryos
also showed clearly that the isolated strains were of
variola minorf(alastrim).

Discussion

Under certain natural environmental conditions,
it is evident, as shown in these studies, that variola
virus may survive for long periods in scabs. During
the 1953-54 alastrim outbreak in The Hague, scabs
must have played an important role as infecting
agents.6 i At that time, the scabs contained at least
50 000 viable particles and perhaps 100 000 or more.
With the passage of time, the number of particles
detected has decreased steadily. Whether or not,
under natural circumstances, persons could become
infected after contact with this scab material is not
known.

Europe, during the past 20 years, has been free of
endemic smallpox. Outbreaks, when they have oc-
curred, have almost always been traced to infection
introduced from endemic areas. The origins of a
few outbreaks, however, have remained obscure. It
is conceivable that some of these may have originated
through infection of individuals coming in contact
with scabs present in old clothes, rags or books. If
infection has occurred in this manner, it must be
regarded as a rare event indeed considering the very
substantial non-immune or only partially immune
population which undoubtedly has had chance con-
tact on many occasions with scab material.

Further information regarding the possible im-
portance of old scabs as sources of infection should
be sought through careful investigation of all out-
breaks of smallpox occurring in smallpox-free areas
of the world.

i Jong, M. de (1956) Docum. Med. geogr. trop. (Amst.),
8, 207.



Transliteration
from Cyrillic characters

The "International System for the Trans-
literation of Cyrillic Characters ", set out in
Recommendation ISO/R9-1954 (E) of the Inter-
national Organization for Standardization, is
normally used in the Bulletin of the World Health
Organization for personal names, titles of publi-
cations, etc. However, papers accepted for
publication may contain names transliterated
differently, and if the original Cyrillic spelling is
not recognizable inconsistencies may occur.

For convenience the transliteration from
Russian according to ISO/R9 is given below:

Translitteration
des Caracteres cyrilliques

Le # Systeme international pour la translitte-
ration des caracteres cyrilliques # presente dans
la Recommandation ISO/R9-1954 (F) de l'Orga-
nisation internationale de Normalisation est
generalement utilise dans le Bulletin de l'Organi-
sation mondiale de la Sante pour les noms de
personnes, les titres de publications, etc. Cepen-
dant des articles acceptes pour publication
peuvent contenir des noms translitteres diffe-
remment et si l'orthographe cyrillique originale
n'est pas reconnaissable un manque d'unifor-
mite peut s'ensuivre.
A toutes fins utiles, la translitteration du russe

selon la recommandation ISO/R9 est indiquee
ci-apres:

Trans- Trans-
Cyrillic fitratom Cyrillic fitratom
character fromui Examples and remarks character fruiaon Examples and remarks
Caractire Trans- Exemples et observations Caractere Trans- Exemples et observations
cyrillique lTtration cyrillique Ttranson

du russe du russe

A, a a Ajpec = Adres Y, y u YTPo = Utro

E, 6 b Ba6a = Baba cP, 4) f ()H3HKa = Fizika

B, B V Bbx = Vy X, x h XHMH4eCKHri = Himiceskij

r, r g rnaBa = Glava Li, ii c UeHTpaJbHbIH = Central'nyj
ronoBa = Golova ' q qc eIacu = Casy

9, A d Jla = Da III, In s IlIKona = Skola

E, e(e)1 e (e) Eue = Esc9L, u s L1AeKa = Sceka
>, C z 1ypHan = Zurnal (medial, nor" In modern Russian, where

3, 3 z 3Be3,Da = Zvezda medial) "ou" sometimes replaces medial b,
transliteration is still ".

14, H i 11nu = li b, b En russe moderne, oiu le ' rem-
pi, -E1j, HH.-o~il = -i i o

place quelquefois le 'b me'dial, la1'J, u~ i -bl", -uu, -o = -yj,-ij,-ojtranslitt6ration reste .

1<, K< k KaKc = Kak (final) (Not

Jl, n 1 Jio6HTb = Ljubit' literatsed.
M, M m My)K = Muz Non trans-
H, H n HHKHHIA = Niznij litt6r6.)
0, 0 o 06tuecTro = Obsestvo bI, bl y bIJI = Byl
n, ni p nepBblk = Pervyj b, b 'or 'oul ManeHbKHri = Malen'kij
PI p r Pbi6a = Ryba 3, 3. e 3'ro = Eto
C, c s CecTpa = Sestra 10, 10 ju lOHbIi = Juznyj
T, T t ToBapHut = Tovarik 51, 5i ja rLItO = Jajco

' Cyrillic e to be transliterated by e only when the diacritical appears in the original. Le e cyrillique ne doit etre translitt6r6
par e que loraque la diacrltique apparait dans l'original.


